The systems TiOz-NbzOs and Zr02-Nb20 S were studied by means of solid-state reactions and by observation of fusion characteristics. Two binary conwounds, TiOz·N b20 s and Ti02·3Nb20 S, were found to exist in the Ti02-NbzOs system. One compound, 6Zr02· Nb20 S, was found to exist in the Zr02-Nb20 s system. This compound has been found to be essentially isostructural with Zr02· Ti02 and has orthorhombic symmetry with the following unit cell parameters when quenched from 1,550 0 C : a = 4.964 A, b= 5 .120 A, c=5. 289 A. Sol id-solution formation was observed in both systems. A probable equilibrium diagram is presented for each system .
Introduction
A study of phase relationships in the systems TiOTNb20 s and Zr02-Nb20 S has been condu cted as a part of a program of fundamental studies of ceramic dielectrics. l Some data for these systems have been reported by Durbin and Harman [1] 2 and Durbin, Wagner, and Harman [2] , although no phase diagrams were presented for either system . X-ray diffraction data, together with the determination of the melting points-of the compounds and of the solidus and liquidus temperatures at vario us compositions across the two systems, have supplied data from which equilibrium diagrams have been co nstructed. The phase equilibrium studies were of a preliminary nature, in an attempt to locate ceramic bodies of improved dielectric properties; consequently the conclusions should only be considered as tentative.
Sample Preparation and Test Methods
The following starting materials were used in the preparation of samples:
Zr02-Dense Zr02, nominal 99 percent purity, obtained from the Titanium Alloy Manufacturing Co.
Ti02-Highly purified titania, over 99 .9 percent, obtained from the Titanium Division of the National Lead Co.
Nb20 s-High-purity grade niobia, over 99.7 percent, obtained from the Fansteel Metallurgical Corp. The major impurity consisted of Ta20 s.
Calculations of weight composition were made to ± 0.01 percent, no correction being made for the percentage purity of the raw materials.
The starting materials, in sufficient quantities to give a 10-g ample, were weighed to the nearest milligram. They were then mixed together with a binder of a 5-percent soluble-starch solution, and formed into 1-in.-diam disks at a pressure of 5,000 Ib/in. 2 The pressed disks were fired for 4 hI' at 1,100° C on platinum foil in an air atmosphere, using an electrically-heated furnace wound with 80 percent Pt-20 percent Rh wire.
Following the preliminary heat treatment, the disks were ground, remL'Ced with starch-solution binder, and new disks about }4 in. high were formed at 15,000 Ib/in. 2 in a %-in .-diam mold. Some of these disks were used for X-ray and petrographic studies, while other were used for the study of solidu s and liquidus determinations. Those specimens selected for the X-ray study were refLred a t a temperature varying from 1,350° to 1,550° C for a time period of from 4 to 24 hI', in order to insure equilibrium conditions. X-ray powder diffraction patterns were made using a high-angle recording spectrometer and CuKa radiation.
Specimens for solidus and liquidu s determinations were ground in the form of small four-sided pyramids, grooved on each side, as described by Geller, et al. r3] . T ests at temperatures below 1,525° were made in the electrically heated furnace, using a Pt versu s 90 Pt-10 Rh thermocouple for temperature measurements. The tests at temperature above 1,525° were conducted in a thoria-resistor type furnace [4, 5] . The specimens rested on a disk of a platinumrhodium alloy, which was on a support of Th02• The heating rate during the tests was about 4 deg C/min until the solidus temperature was approached, at which point it was reduced to about 2 deg C/min, or less. An oxidizing atmosphere existed in the furnace at all times. The temperature and fusion characteristics of the specimens were observed with an optical pyrometer calibrated by the Pyrometry Section of the Bureau. The solidus temperature was recorded as the fLrst sign of liquid formation, as observed by rounding of the corners of the test pyramid. The temperature of complete melting, as observed by the formation of a flat button, was recorded as the liquidus temperature. In every case, several te ts had to be made to determine these two values. The solidus and liquidus temperatures were arrived at by observati ons through the optical pyrometer and by visual inspection of the cooled specimen.
The method of determination of such temperatures is subject to a number of sources of error. Among these are the slight deviations from blackbody conditions, the introductiol} of small quantities of impurities into the specimens in the forming and grinding operations, the possibility of reduction of TiOz and Nb20 5 at high temperatures, and the inherent difficulty in the visual determination of the solidus and liquidus temperatures. It is believed t hat the temperatures as r ecorded are accurate to ± 10 0 O.
The Ti02-Nb20 5 System
Brauer [6] reported three polymorphic forms of Nb20 5 • The H-form, or high-temperature form , was reported as stable at temperatures above 1,200° to 1,250° O. In this study wherever free Nb20 5 was found, the high-temperature form was the one observed ill the heated specimens, although the lowtemperature form was used as the star ting material. Durbin and Harman [1] r eported some fusion data for the system TiOz-Nb20 5 • All of the compositions between 1:4 and 4: 1 were shown to begin melting between 1,440° and 1,500° O. One compound, Ti02·Nb20 5, was observ ed. Durbin, IVagner, and Harman [2] reported that X-ray examination showed Ti02 : Nb20 s to be a compound while 2Ti02 : Nb20 5 was a mixture containing rutile.
Petrographic analyses in the present study were not relied upon, as all of the phases containing at least 50 percent Nbz0 5 appeared very similar under t he microscope. However , X-ray analyses succeeded in differentiating two compounds in th e system Ti02-Nb20 s. Figure 1 is a graphical representation of the X-ray diagrams for values of 28 between 16° and 49° for compositions of the following molecular ratios: Nb20 ;, Ti02 :9Nb20 ;, Ti02 :4Nb20 s, Ti02 : 3Nb20 ;, Ti02 : 2Nb20 5, 2Ti02 : 3Nb20 s, and Ti02 : Nb20 s. These compositions were heated at either 1,350° or 1,400° 0 for 3 hI' and quenched Ti02 :2Nb20 S ; however, t he simple rat io of 1: 3 is taken as the most 100'lcai composition for this compound .
The fusion-behavior data from which t he equilibrium diagr am is constructed are g-iven in table 3, and the diagram is shown in figure 2. I t m ay be seen that Lhe compound TiOz· Nb20 J mel ts congmontly at about 1,490° C and t he compound TiOz• 3Nbz0 5 eutectic between the two binary compounds occurs about 38 mole percent TiOz and 1,465° C. Neither of the two binary compounds shows solid solu tion. Durbin and Harman [1] reported some fusion data for the system Zr02-Nb20 5. Compositions high in Nb20 ; were r eported as melting between about 1,400° and 1,450° C while mixtures higher in ZrOz melted between 1,450° and 1,550° C. Durbin, ",Vagn er, and Harman [2] found solid solution of ZrOz in NbzOs. These authors claimed that X-ray diffraction showed that cubic ZrO; was stabilized, indicating solid solu· tion of Nbz0 5 in ZrOz. They report no compounds in t hi s system .
In the presen t study, X-r ay analyses have indicated the presence of a new compound, 6ZrOz·Nb20 5, in the system Zr02-Nb20 5. The X-ray pattern is very similar, both in d valu es and relative intensities, to that of the compound Zr02·TiOz [7] . The similarity between the compounds becomes apparent if the composition of the compound 6Zr02· Nbz0 5 is written as Zr4(Nb2,Zr2) 0 160 and compared with 4ZrTi04 or Zr4T4016' It seems possible that the s tructural arrangement of this compound may be capable of accommodating an additional one-fourth of an oxygen ion per formula unit. Because of the similarity of Nb20 5 and Taz0 5, a specimen of 6ZrO"· Taz0 5 was prepared and studied by X-ray diffraction. This composition proved to be isostructural with 6Zr02·Nb20 5 and ZrO"·Ti02. All three compounds are orthorhombic with unit cell parameters as shown in table 4. The X-ray powder diagram for the compound 6ZrOz·Nb20 5 is given in table 5. Another possible interpretation of the structure occurring at the composition 6Zr02·Nb20 5 is that of a solid solution of ZrO;. This would be similar to the case of the cubic Zr02 solid solu tions in the systems involving Zr02 and oxides of divalent ions like CaO, MgO, MnO, and TiO . However, the identit.y of Zr02· Ti02 as a compound seems to be fully es tablished [7, 8] . The similarity of the structures of the two compositions justifies the assumption of 6Zr02· Nbz0 5 as a tr ue compound . Apparently the cubic ZrOz solid solu tion reported by Durbin, et a1. [2] in this system was actually the compound 6ZrOz·Nb20 5. Their interpretation may be explained by the fact that the strongest diffraction lines for the compound are close to what would be expected for a cubic ZrOz solid solution.
The equilibrium diagram for the ZrO~-Nbz05 system , as determined from the present study, is shown in figure 3 and the fusion-behavior data from 
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• R. 1. is t h e in tensity of each diffraction p eak rel ative to t he strongest peak. which the diagram was constructed are listed in table 6. It is seen that th e compound 6Zr02· Nb20 s melts incongruently at about 1,670° C. 
